Fast radio bursts as electromagnetic radiation from cusps on superconducting cosmic strings by Zadorozhna, L.V.
Fast radio bursts as electromagnetic radiation
from cusps on superconducting cosmic strings
L.V. Zadorozhna

Advances in Astronomy and Space Physics, 5, 43-50 (2015)
© L.V. Zadorozhna, 2015
Faculty of Physics, Taras Shevchenko National University of Kyiv, Glushkova ave. 4, Kyiv, 03680, Ukraine
Cosmic strings are topological defects, relicts of the early Universe, which can be formed during phase transitions
of elds with spontaneous broken symmetry. There also exists a special class of cosmic strings  superconducting
cosmic strings, inside of which the massless charge carriers, so-called zero modes, are presented and can move along
the string without any resistance. The superconducting cosmic strings during their relativistic motion through the
cosmic plasma could be a powerful source of electromagnetic radiation. The emission of cusps on the superconduct-
ing strings is highly beamed and has the nature of bursts. In the present work, it is shown, that the millisecond
extragalactic radio bursts, discovered during the last decade, called the fast radio bursts (FRB), with unknown
nature, could be explained as radiation from cusps on superconducting cosmic strings. Estimates made for ten
FRBs discovered till now show that bursts could be produced by a string with  =  G=c2  5  10 13   10 12,
where    50 is a dimensionless parameter, G is the gravitational constant, c is the speed of light,  is the mass per
unit length of a string, which corresponds to the energy scale of the phase transition   1:2  1012   1:7  1012GeV.
The observed duration, ux and event rate are in a good agreement with the proposed model. In the framework
of emission from cusps of superconducting cosmic string loops, probability of FRB detecting is estimated, which is
found to be highly close to the probability of detecting, given by observational data.
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introduction
The rst extragalactic millisecond radio burst was
found by a group of scientists led by Lorimer in
2007 [8] during the processing of archival data ob-
tained by observing the Magellanic Clouds at a fre-
quency of 1:4GHz using the 64-m radio telescope
Parkes in Australia. The burst was seen in the data
of 24 July 2001 and it was approximately three de-
grees south of the Small Magellanic Cloud. The ob-
servational ux from the burst was F = 30 Jy and
the duration was  < 5ms. The properties of the
burst did not allow to associate it with a physical
phenomena that could occur in our Galaxy or in the
Small Magellanic Cloud. According to current mod-
els for free electrons of cosmic plasma, the burst oc-
curred at a distance of r  1Gpc, corresponding to
the redshift z  0:3. The data for the subsequent
90-hour observation showed that this was a single
burst phenomenon, a particular event. In 2013, it
was reported that four more bursts of extragalactic
nature were observed by the Parkes radio telescope.
The observed phenomenon was termed fast radio
burst (FRB). These four radio bursts FRB110220,
FRB110627, FRB110703, and FRB120127 were dis-
covered when processing data of 20112012, their
characteristics were similar to that of Lorimer's burst
which was assigned the number FRB010724 (spark,
Lorimer burst). The redshifts z of these radio
bursts are in the range of 0:45 to 0:81, the observed
uxes range from F = 0:4 Jy to F = 1:3 Jy, the
durations are from 1:1ms up to 5:6  0:1ms. The
width of bursts, their coordinates, duration, uence,
and distance to them are given in [14].
Recently, using the Arecibo Observatory radio
telescope, another fast radio burst FRB121102 was
detected in the 1:4GHz pulsar ALFA survey in the
northern hemisphere, specically in the region of the
Galactic anti-centre. The duration of the burst was
 = 3  0:5ms, the observational ux was F =
0:4 Jy. The international team of scientists led by
Laura Spitler from the Max Planck Institute of Radio
Astronomy in Bonn (Germany) involved in process-
ing FRB121102 data considered that there are seven
FRBs on average every minute in the sky [13]. Since
there is a set of FRBs with similar characteristics,
this leads to the assumption that they are of the same
nature. Several explanations for cosmological FRBs
were proposed, such as a supernova explosion, bursts
from magnetars, or mergers of relativistic objects 
black holes or neutron stars. There is also an expla-
nation for the Lorimer burst FRB010724, which
was proposed by Vachaspati in 2008 citevachaspati.
The self-crossing and annihilation during the forma-
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tion of a cusp on a superconducting string creates
the conditions for the electromagnetic radiation. The
FRB was explained as the electromagnetic emission
from a cusp of a superconducting string with its en-
ergy on the Grand Unication scale with the current
in the string I = 105GeV.
Another work that associated cosmic strings with
FRBs has explained four FRBs, which were discov-
ered at the Parkes telescope, as electromagnetic ra-
diation from cusps of superconducting cosmic string,
that moves through a magnetic eld frozen in cos-
mic plasma. Results obtained in this work are as fol-
lows: these radio bursts might be radiated by a string
with G=c2  4:1 10 11 moving through a magnetic
eld B0 = 10
 6G [18]. The authors also suggest
to search for these strings by detection of gravita-
tional radiation, using gravitational wave detectors
such as LIGO/VIRGO or LISA. Estimates presented
in [18] seem somewhat overstated both with regards
to the magnitude of magnetic eld and the energy
scale of strings. As it will be shown below, this value
of energy strings' scale could not explain such rate
of detecting of FRBs in the sky, as is predicted by
observations.
In general, the theory of electromagnetic radia-
tion from the cusp of the superconducting string loop
was developed by Berezinsky, Hnatyk, and Vilenkin
in 2001, and such a mechanism of radiation was pro-
posed for explaining the gamma-bursts [2].
In [5], the most comprehensive description of
FRBs discovered until now is given. The authors
present constraints on the origins of FRB using cos-
mological hydrodynamic simulations. They use these
simulations to calculate contributions to the disper-
sion measures (DMs) of FRBs from the Milky Way,
the local Universe out to  100Mpc, the cosmolog-
ical large-scale structure, and potential FRB host
galaxies. They then compare the results of these
simulations to the DMs for observed FRBs.
FRBs detected in real-time are of a particular in-
terest. In [10], the authors reported the real-time
discovery of a fast radio burst FRB131104 with the
Parkes radio telescope in a targeted observation of
the Carina dwarf spheroidal galaxy. Authors said
that detailed observational analysis of the ionized
gas content surrounding the Milky Way along the
line of sight to FRB131104 could not reveal whether
there was sucient material to associate this FRB
with Car dSph at a distance of 101 5 kpc. Pending
such investigations, they cannot constrain the dis-
tance to FRB131104. Hence, various possibilities for
the origin of FRB131104 remain open.
Authors of [9] have reported the discovery of an-
other radio burst in real-time. The authors have dis-
covered FRB140514 in real-time on 14 May, 2014
at 17:14:11.06 UTC at the Parkes radio telescope,
and triggered follow-up at other wavelengths within
hours of the event. This FRB has celestial coor-
dinates, which almost coincide with another radio
burst FRB110220. This could indicate the single na-
ture of this phenomenon, which is periodically re-
peating in time, as, for instance, bursts from cusp
of string loop that arise when the loop oscillates
with certain periodicity. However, some estimates
for these bursts indicate that they are dierent, not
related to one another.
In [1], authors showed that the fast radio burst
FRB010621 might have a galactic nature, the up-
per limit on the distance was estimated as 24 kpc.
However, their results also show that there is a 10%
probability that FRB010621 is extragalactic.
The known data about ten discovered until now
fast radio bursts (FRBs) are given in Table 1.
Cosmic strings are a type of topological defect
which could have been formed during phase transi-
tions of elds with spontaneous breaking symmetry
in the early Universe. An example of such a phase
transition is a phase transition in Grand Unied The-
ory (GUT)  separation of strong and electroweak
interactions  which occurred 10 35 s after the Big
Bang. Cosmic strings are quasi-one-dimensional
(with diameter dGUT   1GUT  10 30 cm, where
 is the energy scale of phase transition, which in
the case of the GUT is  = GUT  1016GeV),
endless (within our cosmological horizon), or closed
in loops, heavy (mass per unit of length (tension)
GUT / 2GUT  1022 g/cm for GUT-strings) struc-
tures that can play an important role in various as-
trophysical manifestations [16]. At dierent stages of
evolution of the Universe, the loops of cosmic strings
can be responsible for the formation of structures,
formation of the dark matter compressions, magne-
togenesis, inuencing of the ionization history of the
Universe during early star formation, and can be re-
sponsible for excess of neutral hydrogen and bright
spots on 21 cm radiation maps.
Cosmic strings can be observed through such
astrophysical manifestations as gravitational mi-
crolensing of stars on closed loops, gravitational lens-
ing on innite strings, and radiation of electromag-
netic waves and high-energy particles from kinks and
cusps on the (superconducting) strings. They may
also appear in the stochastic background of gravi-
tational waves and radiation bursts of gravitational
waves [7].
A large number of astrophysical manifestations
are expected from superconducting cosmic strings
which are the topological defects with massless car-
riers (zero modes) that, moving without resistance,
behave like a current along the string. A signi-
cant attention is given to the electrodynamic prop-
erties of such strings and to their interaction with
cosmic plasma. Except gravitational action, super-
conducting strings generate dierent types of elec-
tromagnetic radiation and particle uxes. Especially
actively these processes take place in the vicinity of
cusps, periodically appearing in non-smooth (like a
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break) regions of a string, whose vertices reach the
speed of light nearly instantaneously. The cusps
generate sparks of electromagnetic emission directed
along their motion [17] which can serve as a source
of energy for some cosmological gamma bursts [2].
In articles [19, 20], authors have considered the
astrophysical manifestations of superconducting cos-
mic strings due to the non-thermal emission of elec-
trons of the cosmic plasma accelerated by the front
of a shock wave near the magnetosphere of a string.
It is shown that the superconducting strings in the
magnetized intergalactic medium can be powerful
sources of the non-thermal emission.
In [21] authors propose an alternative explana-
tion for the cosmological fast radio burst FRB010724
as a synchrotron radiation of electrons accelerated
at the shock front in the cusp region of supercon-
ducting cosmic strings. And, since there is approxi-
mately a uniform distribution of cosmic string loops
in the Universe, further discovery of FRBs may sug-
gest their connection to the cosmic string loops.
cosmic strings in cosmic plasma
The cosmic strings form entangled networks in
the Universe that evolve in a scale-invariant way.
There are two topological stable congurations of
cosmic strings: innite strings whose ends are closed
somewhere under the event horizon, and closed
loops. The Hubble volume contains several innite
segments of strings and a collection of loops, whose
concentration changes with time as n = 1=((ct)3).
The average length of a loop is l  ct, where t
is the cosmological time moment,  is dened be-
low. For analytic estimations, and since we oper-
ate with small redshifts, we consider the Friedman
cosmological model with the critical density of mat-
ter (without the  term), take the Hubble constant
H0 = 72 kms/Mpc, and set t = t0(1+ z) 3=2, where
t0 = (2=3)H
 1
0 is the Universe's lifetime, and z is
the redshift [3]. The parameter  determines the
loss rate of energy by a string due to the gravita-
tional emission, and depends on the energy scale of
a phase transition, during which a string was formed:
 =  G=c2;
where    50 is a dimensionless parameter [12, 11].
Loops oscillate periodically, dierent segments of the
string move with dierent relativistic velocities, so
that cusps  sharp bends-holds  are formed on
the string in each period. A section of a near-cusp
region at a characteristic proper (in the immovable
state) distance l from the cusp top are accelerated
by the Lorentz factor s  l=l at the oscillatory
formations of a cusp. In the reference system of the
string, the near-cusp segment with the Lorentz factor
s has the length
l = l=s;
where s = 1=
p
1  2, and  = vs=c, vs is the ve-
locity of a cusp. The connection between the velocity
and the size for the near-cusp region of the string de-
pends on the specic dynamics of a loop and can be
determined by numerical modelling.
Let us consider the motion of a segment of loop
in the cosmic plasma with a frozen magnetic eld
BIGM = B0(1 + z)
2. Oscillation of a loop in the
intergalactic magnetic eld is accompanied by the
generation of an electric current in it with a certain
mean value, averaged over the entire length [2]:
I = e2BIGMl=~;
where e is the electron charge, ~ is the Planck con-
stant. During the formation of a cusp, the current
in the near-cusp segment increases due to the com-
pression (a reduction of the segment length) of the
string up to the value Is = Is = e
2BIGMls=~.
The maximum Lorenz factor of a cusp is deter-
mined by the reverse reaction of the increasing cur-
rent in the near-cusp region. The critical current
value is reached, when the energy of charge carri-
ers becomes comparable with the eigen energy of
a string, i. e. with its tension Imax = e=~, where
 '  ~c31=2 is the energy scale of a phase transi-
tion, during which the loop was formed. The maxi-
mum Lorenz factor is
s;max = Imax=I =
1
eBIGMl

~c5
 G
1=2
: (1)
Thus, the cusp region of the string will move with a
very large Lorenz factor.
electromagnetic emission
from cusp on cosmic string
Electromagnetic radiation from an oscillating
loop of a string can be considered as the radiation
from a periodic source. The total power P is ex-
pressed as a sum of the radiation power at certain
harmonics [16]:
P =
X
n
Pn;
the radiation frequency at a certain harmonic is
n = n=T , where T = l=2c is the period of oscil-
lation. The radiation power of the n-th harmonic is
Pn  kI2n 2=3=c, where k is a constant coecient
that has been calculated numerically for some sim-
ple loop trajectories and is typically on the order of
k  10. The total power is [16]:
P =
3kI2n
1=3

c
;
where n is the cut-o number, which must be lower
than nem  (=I2)3=2, which is determined by com-
paring the maximum current in the cusp region and
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the mass per unit length (tension) of the string .
Then,
n
1=3
 <
1=2c2
3I
:
The scale of the near-cusp region is much smaller
than the scale of the loop l, the contribution of the
near-cusp region to the radiation comes mainly from
higher harmonics with n  1. The total energy
of the pulse of electromagnetic radiation from the
near-cusp region is Etotem  2kIIsl=c2. An energy
Etotem  nPnT is radiated during the formation of
the cusp in one oscillation period T from the region
  n 1=3 l = l=s [16]. For a remote observer, the
electromagnetic emission from a cusp region on the
string is in a narrow beam with the angle between the
motion direction of a cusp and the source-observer
direction   1=s and with the maximum concen-
tration of energy in the angle min  1=s;max. The
angular distribution of the radiated energy is [2]:
dEem
d

 kI
2l
c22
:
The isotropically-equivalent energy can be written as
Eisoem = E
tot
em
4


 8kI
2l
c23
;
where 
  2. The lifetime of the near-cusp region
for the external observer is
c =
t0
2
 3s (1 + z)
 1=2:
The isotropically-equivalent luminosity is Lisoem =
Eisoem=c. The ux of the electromagnetic emission
from the cusp region of the string for an external
observer, if radiation propagates in a vacuum, is as
follows:
F obsem =
Lisoem(1 + z)
4d2L
 2kI
2l(1 + z)
d2Lc
2c3
=
2Pl2s (1 + z)
3d2Lcc
;
where dL is the photometric distance from the land-
based observer to the radiation region dL = 3t0c(1+
z)1=2

(1 + z)1=2   1. The dependence of the spec-
tral ux on the frequency is
F = F;0


0
 2=3
;
where F;0 is the spectral ux at the frequency 0.
The ux is F obsem =
R max
min
Fd, if we assume min = 0
and that the top of the cusp with s;max emits radi-
ation with the frequency max, then
F obsem =
1
3
0F;0

max
0
1=3
:
The spectral ux of the electromagnetic emission
from the cusp region of the string for an external
observer at the observational frequency 0, if radia-
tion propagates in a vacuum, is
F;0 =
3
0
F obsem

max
0
 1=3
=
=
2Pl2s (1 + z)
d2Lcc0

max
0
 1=3
:
The observational frequency of the electromagnetic
burst is inversely proportional to the intrinsic dura-
tion of the burst or the lifetime of the cusp event
0  obs = 1=c. The uence, dened as the total
energy per unit area of the detector, is S = F;0c.
Above, we suppose, that electromagnetic emission
from the cusp region propagates in a vacuum, but
the observed duration of radio emission obs  c
can be signicantly inuenced by the scattering by
the turbulent IGM and the time resolution of tele-
scopes [18]. And, as if the inuence is constant, so
S = F;0c = F
obsobs. Therefore, the spectral ux
of the electromagnetic emission from the cusp region
of the string for an external observer at the obser-
vational frequency obs, if radiation propagates in
cosmic plasma, is
F obs =
2Pl2s (1 + z)
d2Lc
obsobs
max
obs
 1=3
;
and
F obs =
2e4kB20t0
3c~2
1
obsobs
3n
1=3
 2s
 (1 + z)
 1=2
(1 + z)1=2   12
max
obs
 1=3
: (2)
From the formula for the duration of the cusp event,
we can express
s =

t0(1 + z)
 1=2obs=2
1=3
: (3)
Let us suppose that a cosmic string with  =
10 12 moves in cosmic plasma with a magnetic eld
B0 = 10
 10G and emits radiation that we can de-
tect at the frequency obs = 1:3GHz. The maxi-
mum Lorenz factor of the cusp from equation (1) is
s;max = 7108(1+z) 1=2 and the Lorenz factor from
equation (3) is much smaller, s = 6:5104(1+z) 1=6.
It should be noted that the maximum Lorentz factor
is achieved only once, at the rst time during the
formation of the cusp. The following times of cusp
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formation, as string loses its energy during oscilla-
tions, the near-cusp region is smoothed and has the
much smaller Lorentz factor. We assume that the
rst appearance of the cusp on the string was a long
time ago, and the Lorentz factor s is close to the
maximum Lorentz factor, to which the top of the
cusp can be accelerated now. For the same reason,
the near-cusp region does not emit radiation with the
frequency max and we assume that the maximum
frequency is close to obs. And, since n
 1=3
 l = l=s,
from equation (2), we have
F obs =
e4kB20t0
3c~2
1
obs
4
(1 + z) 1
[(1 + z)1=2   1]2 ; (4)
the spectral ux for an external observer does not
depend on the observational frequency. The depen-
dence between observed uxes from cusps F obs and
redshifts z where bursts are observed is shown for
dierent parameters:  = 10 12, obs = 1ms;  =
10 12, obs = 5ms; and  = 5  10 13, obs = 5ms
for magnetic eld magnitude B0 = 10
 10G in Fig.1.
As if there is a certain probability that FRB010621,
FRB131104 are extragalactic FRB, we estimated the
fast radio bursts's redshifts, where these bursts pos-
sibly have taken place (see Fig. 1).
FRBs as emission from cusp on
superconducting cosmic string
Using the observational cosmological data for
FRBs, we can nd the characteristics of supercon-
ducting cosmic strings. For example, the FRB110220
has the following characteristics: the detection fre-
quency is obs = 1:3GHz, the redshift is z = 0:81,
the observational duration is obs = 5:6 10 3ms and
the peak ux is F obs = 1:310 23 erg cm 2 c 1Hz 1).
Assuming the magnetic eld is equal to B0 =
10 10G, we obtain from the equations (2), (4):
F obs = 0:01333s = 2:7  10244 erg cm 2 c 1Hz 1;
for the FRB110220,  = 1:5  10 12, the Lorenz fac-
tor of the cusp region is s = 6:2  104. Similarly,
the value   5  10 13   10 12 is obtained for other
FRBs (see Table 1).
The characteristics of the superconducting cos-
mic string loop , s if it emits the electromagnetic
burst moving in intergalactic medium with the mag-
netic eld B0 = 10
 8G are presented in Table 1.
If we suppose that all loops of superconducting
cosmic strings are formed during the same phase
transition of elds with spontaneous breaking sym-
metry in the early Universe, and they have  
10 12, but on the other hand, dierent loops move in
cosmic plasma with dierent strength of frozen mag-
netic eld B0 and may have dierent size l = pct,
where p is the normalization coecient (above we
considered that all of the loops have the same av-
erage size l = ct), we can nd the multiplication
of two parameters p2B0, from observational data for
FRBs, using the relation
F obs = 3:2  10 7 1
obs
p4B20
(1 + z) 1
[(1 + z)1=2   1]2 : (5)
The results are presented in Table 1.
detection probabilities of FRBs
The lead author of the paper [13], Laura Spitler
from Max Planck Institute for Radio Astronomy
(MPIfR) in Bonn, who was involved in the pro-
cessing of data on FRBs, considered that on aver-
age every minute in the sky there are seven FRBs
N  7min 1 = 420 hr 1. We will further use this
assumption.
The rate of FRBs originating at cusps in the red-
shift interval dz and seen at the angle  in the interval
d is given by [2]:
dN  fB  1
2
d(1 + z) 1(z)dV (z): (6)
We assume that the fraction of volume of the Uni-
verse occupied by magnetized plasma is fB  0:1,
the number of cusp events in unit spacetime vol-
ume is (t)  nl(t)=T  2 2c 3t 4, the oscillation
period of a loop is T  t=2, the proper volume
between redshifts z and dz is dV = 54(ct)3(1 +
z) 11=2[(1 + z)1=2   1]2dz, and we use the relations
t = t0(1 + z)
 3=2. Then,
dN  54fB  1
2t0
d(1+ z) 1=2[(1+ z)1=2  1]2dz:
It is important to comply with a certain order of in-
tegration, namely, rst we integrate over  between
0 and 1=s, as s depends on z, then over z from
0 to 2 (taken little overestimated; we consider that
all bursts that can be registered have z  2). This
yields
dN  27fB
 
2
obst
5=2
0
!2=3
1
8=3


2Z
0
(1 + z) 1=6
h
(1 + z)1=2   1
i2
dz:
For obs = 1:3GHz, we nd N = 9:68  10 34 
 8=3min 1. So, in order to explain such number of
FRBs, the string must have  = 2 10 13. The linear
density of this string is  = c2= G = 5:21013 g/cm,
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which corresponds to the energy scale of the phase
transition  = 1:2109 erg= 7:61011GeV, the oscilla-
tion period of a loop or a repetition rate of the bursts
is T  t=2 = t0(1+z) 3=2=2 = 0:5(1+z) 3=2 days.
The rates of FRBs from z = 0::2 estimated in
this way are presented in Table 2 for dierent values
of the parameter .
conclusions
In the past decade, a new class of objects, which
received the name of the FRBs, was discovered at
the Parkes telescope and the Arecibo observatory.
There are 10 observed FRBs at the moment. All of
them have similar characteristics: the frequency of
observations is 1:3GHz and 1:4GHz, the duration is
approximately several milliseconds, and the peak of
observed ux is approximately several Jy.
Various theories exist attempting to explain this
phenomenon. We propose to consider the FRBs as
electromagnetic emission from the cusps of super-
conducting cosmic strings, which move with a large
Lorentz factor through the magnetic eld, frozen into
cosmic plasma. We show in this work that it is pos-
sible to register radiation from cusps of cosmic string
loops at Earth's orbit. The radiation ux is periodic,
highly beamed, and has the nature of a burst. Sig-
nicant collimation decreases the possibility of ob-
serving a single phenomenon from the Earth, even
so collimation eects are compensated for a number
of parameters by a large number of loops in a region
accessible for observations.
In the present work, the characteristics of 10
FRBs discovered until now are studied. Also, the
main characteristics of cosmic strings, which can
serve as a source of these bursts, are explored. Under
the assumption of an average loop's length, we found
the energy characteristic of a string  =  G=c2,
which is related to the energy of phase transition,
during which these strings were created. In tabular
form, the values of the parameter  are given for two
magnitudes of the magnetic eld, where supercon-
ducting string loops move: B0 = 10
 10G and B0 =
10 8G. For the variant that seems to be the most
realistic, namely, a magnetic eld B0 = 10
 10G, we
have obtained the value  =  G=c2  5  10 13  
10 12, which corresponds to the energy scale of the
phase transition   1:2  1012   1:7  1012GeV. The
dependencies between the ux from cusps and red-
shifts, where bursts are observed, are shown for sev-
eral sets of parameters:  = 10 12, obs = 1ms;  =
10 12, obs = 5ms; and  = 5  10 13, obs = 5ms
for magnetic eld magnitude B0 = 10
 10G (Fig. 1).
There is a certain probability that the fast radio
bursts FRB010621, FRB131104 are extragalactic. In
framework of our model, we have estimated the red-
shifts, where these bursts have possibly taken place.
In the framework of the theory of emission from
cusps of the superconducting cosmic string loops, we
have also estimated the probability of FRB detec-
tion, that is highly close to the probability of de-
tection, given by the observational data. (Namely,
N  7min 1 = 3679200 year 1).
Radiation from cusps of the superconducting cos-
mic strings could also be explained by the non-
thermal emission of electrons of cosmic plasma ac-
celerated on the shock wave front around the near-
cusp region of a string. Such a shock wave will be
generated during the relativistic motion of supercon-
ducting cosmic string's segment through the cosmic
plasma with a magnetic eld frozen in it.
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Table 1: Observed properties of ten published FRBs. Here, `, b are Galactic coordinates centred on ` = 0, b = 0, F
is the observational peak ux, obs is the frequency, z is the redshift, obs is the time width, references are given in
column ref, the multiplication of the two parameters p2B0 for strings with  = 10
 12, i. e. the normalization coecient
in the length of loop p and the magnetic eld strength in intergalactic medium B0. The parameter , the Lorenz factor
s are calculated for the magnetic eld B0 = 10
 8G and the parameter , the Lorenz factor s is for B0 = 10 10G.
FRB ` b F 
obs z obs ref p2B0  s  s
() () (Jy) (GHz) (ms) 10 10 (G) 10 13 104 10 12 104
010621 25.4 4.0 0.4 1.4 ? 7.8 [6]          
010724 300.8 41.9 30 1.4 0.12 4.6 [8] 1.3 1.2 3.0 1.2 6.4
011025 356.6 20.0 0.3 1.4 0.69 < 9:4 [4] 1.2 1.1 2.9 1.1 6.3
110220 50.8 54.7 1.3 1.3 0.81 5:6 0:1 [14] 2.2 1.5 2.8 1.5 6.2
110627 355.8 41.7 0.4 1.3 0.61 < 1:4 [14] 0.5 0.66 2.4 0.66 5.3
110703 81.0 59.0 0.5 1.3 0.96 < 4:3 [14] 1.4 1.2 2.9 1.2 6.2
120127 49.2 66.2 0.5 1.3 0.45 < 1:1 [14] 0.3 0.57 2.3 0.57 5.1
121102 175.0 0.2 0.4 1.4 0.26 3 0:5 [13] 0.3 0.51 2.4 0.51 5.2
131104 260.6 21.9 1.1 1.4 ? < 0:64 [10]          
140514 50.8 54.6 0.47 1.4 0.44 2.8 [9] 0.5 0.7 2.6 0.7 5.6
Table 2: The rate of FRBs N in the redshift interval z = 0:::2 which might be detected at obs = 1:3GHz from cusps
for dierent values of the parameter . The linear density of string is , the energy scale of phase transition is , the
oscillation period of the loop is T .
   T N(z = 0:::2)
(g/cm) (GeV) (1 + z) 3=2(days) events/year
2  10 13 5:2  1013 7:6  1011 0.504 3679200
5  10 13 1:4  1014 1:2  1012 1.26 323149
10 12 2:7  1014 1:7  1012 2.52 50892
5  10 12 1:4  1015 3:9  1012 12.6 698:1
10 11 2:7  1015 5:5  1012 25.2 109:7
5  10 11 1:4  1016 7:7  1012 125.9 1:50
10 10 2:7  1016 1:7  1013 251.9 0:24
5  10 10 1:4  1017 3:9  1013 1259.3 3:2  10 3
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Fig. 1: The dependence between observed electromagnetic ux from cusps F obs and redshifts where bursts are observed
z for intergalactic magnetic eld B0 = 10
 10G for  = 10 12, obs = 1ms (dashed line), for  = 10 12, obs = 5ms
(dot-dashed line) and for  = 510 13, obs = 5ms (solid line). Fast radio bursts FRB121102, FRB140514, FRB120127,
FRB110627, FRB011025, FRB110220, FRB110703 are marked as triangles. FRB010724 is a bit out of the general
picture because of high ux F = 30 Jy. For the fast radio bursts FRB010621, FRB131104 we estimated the redshifts
where these bursts possibly arose. They are marked as squares if they were emitted by string with  = 10 12 and
marked as rectangles if they were emitted by string with  = 5  10 13.
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